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Wireless Optical Conrmunications without Electronics 



DISCUOSUKE 

5 1. Background 

Wireless Optical Communications Systems have been utilized for 

transmission of high speed data over the past two decades. An example of a 
typical system is given in Fig. 1 for the Universal wireless infrared network 
concept originally introduced by JOLT. The essential idea uses either a hard 

10 wire or a fiber optic interface to convert messages coming from an network 
interface unit NIU or a PBX into appropriate electronic signals which are then 
utilized to modulate an LED or laser. This transmitter contains pulse shaping 
circuits, driver circuits (and temperature stabilization in the case of laser 
systems). The bears which leaves the system is thus modulated with the 

15 intelligence which came out of the network interface unit. Conversely, a beam 
which is received in such a duplex system is demodulated by a photo diode 
amplified by a FET or transimpedance amplifier chain and then presented back 
to the network interface unit either through fiber optic conversion or directly as 
a hard wire connection. In either case it is necessary to utilize a large amoimt of 

20 electronic circuitry as well as electro-optical elements such as lasers, LEDs 
photo diodes and avalanche photo diodes adding to the cost and complexity of 
the unit. 
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2. General Description 

In this patent application we propose a design and fabrication of airlink 
transmitters and receivers without any electronics (the Photonic Airiixik 
Transmitter - PAX and the Photonic Airlink Receiver - PAR). 

5 The Jbasic^ idea Js toJutilizcLiheJiher ou^ut. fr^^^^ 

multi mode fiber properly focused and projected through space (FIG. 2). 

It is the inventor's understanding that AT&T has once patented a disaster 
recovery device for those situations where fiber cables were cut and there was 
an emergency requirement to bridge a small gap of a few meters, while the 
1 0 cable itself would be repaired. 

This disclosure differs from the ATc&T patent as follows (see FIG. 2). 

a) The use of an array of multiple lenses to increase the power 
gathering capability of the receiver with big improvement in range. We 
estimate the range of this system to be more than 100 x range of the AT&T 

15 solution. 

b) The use of large core diameter fibers (>microns) with large N.A. 
to achieve collection efficiency greater than 50% per channel or alternatively to 
use f o. pigtails with GRIN lenses (FIG. 3). These GRIN lens pigtails have been 
used in the past to increase coupling efficiency of laser diode into a small fiber: 

20 the proposed use herein is the first use of such devices in this appUcation. 

c) The use of a fiber optic combiner to provide additive photonic 
signals. 
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d) The use of large area MIS photodiodes integrated with amplifiers 
compatible with the exit fiber of the combiner. 

e) The use of multiple lens arrays at the receiver (and if necessary at 
the transmitter) minimizes or completely eliminates scintillation losses of 

"signah 

3. Application to DWDM 

The present invention may also be applied to Wireless Transmission of 

WDM Signals to OC-192 level and beyond. 

DWDM (Dense Wavelength Division Multiplexing) has experienced 
phenomenal growth in the past four years. It is a highly cost-effective way to 
add bandwidth. All major carriers have experienced fiber exhaust and have 
turned to DWDM as a solution. Companies like Lucent Technologies and Ciena 
have announced systems capable of carrying up to 400 Gbps of traffic per 
individual fiber at long distances (64 channels of 2.5 and I 0 Gbps mixed). Until 
recently it did not appear that there would be a short haul (Last Mile) market 
for WDM, and certainly not a need for wireless transmission of WDM signals 
which is an absolute impossibility for the radio/RF carrier. 

However, there now appear to be mass markets developing for short haul 
WDM, whether in FTTC or similar applications. 

Consider Fig. 4 which is a block diagram of a proposed configuration to 
achieve wireless WDM. The transmitter (PAX) and receiver (PAR) are similar to the 
configurations described in Fig. 2. There are two possible inputs from the terminus of 
the fiber cable carrying the WDM signals shown here as , Xj. . .An where n can be a 
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number from four to 64. At signal level above 100 jiw and for short distance these can 
be fed directly into the PAX via path A thus eliminating the need for the fiber optic 
amplifier (FOA). (See also Fig, 2 specs.)- For longest distance the FOA is needed. The 
PAX projects the beam into the atmosphere for reception at the PAR. A large core 
5 diameter WDM (which is today available from companies like ADVA or JDS Fitel 
(JDS is building a custom WDM to JOLT specification with large core fiber) connects 
to the PAR and demultiplexes the various wavelengths. The output fibers should also 
be large core (100 microns or higher). Ale photodiode receivers therefore need to be at 
least this size or preferably higher so that standard pin silicon caimot be used. 

10 Instead we suggest use of MIS photodiodes integrated with high speed 

preampUfiers as shown by the devices in Fig. 5. The n channels of electronic high 
speed data are processed in the usual way to recover the information as required. 

To extend the receiver sensitivity while maintaining speed, custom devices are 
being designed between JOLT and Vitesse which will allow us to replace the MIS 

15 device with GalnAs APD on the pad provided. Such devices extend sensitivity by a 
factor of ten without sacrificing speed and allow wireless WDM transmission to the 
Last Mile (1.6 km). 

4. Wireless Remote Antenna Applications 

The design and fabrication of transmitters and receivers without 

20 electronics for wireless transmission of data was discussed in general above. 

In Fig. 2, the Fiber output/input from a Network Interface Device (the 
NIU in Fig. 1) is projected as a beam into the air and captured at the receiver 
end of the wireless Remission path. The NIU as shown is typically a switch, 



4 



hub, bridge, router or similar device which is part of the customer's network. 
The data format implicitly was high speed binary digital. 

There exists today a market for sending a large number of analog signals 
multiplexed on a carrier at 1-4 GHz range to a remote antenna on fiber optics. 
Gompanies-lifce Foxcom and- OrteU-are- providing these. RFrEiber.^ JQLX 
proposes to use the Foxcom transmitter/receiver modules as the equivalent of 
NIU and provide a wireless connection from the base station to the remote 
antenna replacing the need to deploy fiber. 
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USER PIGTAILS: SINGLE MODE 
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0.6NA 

GRIN LENS 



SINGLE MODE f 1B£R (2m> 



WORKING DISTANCE: CSmtn 

NOTE: PLEASE CHECK LASER-TO-WIND W DISTANCE SPECfFICATlOH FOB 
THE LASER CHODE TO BE COUPLED. THE LASER DIODE WINDOW MAY NEED 
TO BE BEMOVeO TO ACHIEVg MAXIMUM COUPLING eFRCTENCY, 



Maximum Power lOOmW 



Thes single mode laser pigtails simplify ihe task of adding a 
eingle mode fiber pigtail to a laser diode. By preatigning a high 
NA (0;6) GRIN optic 10 a single mode fiber we have reduced the 
alignment process to one step. 



|TEM# 


WAVELENGTH 
RANGE 


FIBER 


S1-4?24 


780 - 870nni 


3M rS-SN-42Z4 




1300 • 1350nm 


Coming SMF-28 


5M5-SMF 


1500- ISSOnm 


Coming SMF»28 
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ISOUTED USER PIGTAIL: SINGLE MODE 



1 M^TER 




CAIN 
OPTIC 
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«S&00mm 

PIGIAIL|P LASER COUPLING rSOlATORS 



SINGLE STAGE - >40dB 



An optical isolator fS incorporated in this laser to fiber coupiing 
3 paclcage. The standard modei provides more than 40dB 
□ (10,000:1) of isolation with the double stage device providing 
fi more than 60dB <10*:1) isolation. These mechanically rugged 
' ; devices, manufactured by Princeton Optics, are built to meet 
y the standards of the telecommunication industry. 
U 
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01.8mm Clear Aperture 
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► Output Collimator 
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FC Connector 
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1. Modal SO-flaO, meaiturotf wrtth HeNc ttisef arxa FS-SN.322* 
(p«oe 1 13) fiber. 



2. Thes© fibers typically operate 50nm below ar>d 200nm 
above iKe operaxng wavelength. 
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P5SRR 



Vd 



NET- 



PCP 



PDJ 



Power Supply Rejectaon Ratio 



Wavelength 



Low Frequency Cutoff 



Opiic&l Modulation Bandwidcb 



Sensitivity 



Single Ended Ottipui Impedance 



Differential OatpatVoluge 



DifTcrcntiJU Re^ponsivity 



Output Bias VoUage 



Bias Offset Vblloge 



Inp ut Noise Equivalent Power 
OutpocNoig* Voltage 



Duty Cycle Distortion 



Output Drive Cucren! 



pattern Dependent Jitter 



35 



700 



a5o 



-22 



25 



0.35 



0.8 



1.2 



035 



840 



1200 



-25 



0.52 



2.2 



1.5 



40 



0J5 



2,5 
20 



Optically Active Area 



PP Jitier 



Ri]?o Time 



FaD Tune 



120 



310 



280 



0.45 



0.66 



1.5 



40 



100 



160 



355 



325 



550 



1300 



-27 



60 



0.6$ 



2.5 



150 



0.93 



0.75 



4^ 



GO 



200 



400 



370 



dB 



ran 



MHz 



MHz 



dBxn 



mV 



jjlW nns 



zdV tms 



mA 



f « 1 to 40 MhU 
(Include* Extentnl FiUer> 



-3db. P*^*=-l5dBcn (fi 50 
MHz 



.3db. 

p.. .15 dBmO50 MHz<^' 
I.OfiBGb/sBERlOrA^^-'^ 



p = ^dBm, - 
RieaJ = 100 Q differential 



R^^^IGOQ 
Ps-15dBm<&50 MHi 



P=:OmW^ 
PsOmW^^' 



P s -^.5 dBm 



P s ^.5 dBm 

+/-10% Voltage Window 



Dlunctcr ' 



p a .45 dBm 



20-80% pa -4.5 dBHl 



20-809lr P « -4 J dBm 



r^cus: m specified ^cra-Mi^) u, 70-C(cas,) . See olso Ho:. / - in ,.rMon 7/o.« «nM«~«-<n« CcndUion, * Ap;./*- 
cofioft? "/or extend td ten^tratunt ranife aperalton, 
(2) Typical condUionsiTC (case) and SV power sippty, _ 
a; 5«r Noie ; - in stclion 'T^oies on MeMurmxeni CondUions & ApphcaAons 

(4) See Note ? - in section n^olex an Measurement Conditions & AppUcaSions . 

(5) P - fncidenl Optical Power 
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NEW PRODUCT 



OA915 Series 
Optical Gain Module 



Description 

The OA915 Scries opiicAl gain module is a low noise 
and high gain ErbiunV-doped Hber amplifier designed 
for singlcMnode Jber-applicatioos in the 1550 _nfn 
wavelength region. The board-mountable module 
delivers consisicnlly high performance by using a 980 
nm pump laser diode (ID), an in-line polarizadon 
independent optical isolator, a wavelength division 
multiplexing (WDM) coupler and Erbium-doped fiber. 
A counter-propagating pump configuration has been 
chosen and the design has ijeen optimized for both 
pre-amplifier and booster ajnplifier applications. Tl^c 
inpitl isolator is optional wlien a low rcrum loss source 
is available. Fliminating the 'isolator Improves the noise 
figure. 

The OA915 Series is -a fully integrated unit that can be 
externally controlled to vary the optical gain. Stable 
pump laser lemperaturc is achieved with the inicgraied 
thcnnoelecirlc cooler (TEC). Con^um pump power is 
maintained with a hui!i-in backfacei photodiode 
monitor. A ribbon cable provides electrical 
connection to the pump laser, TEC. thermistors and 
monitor photodlodes. 

The OA915 can be customized lo meet 
Individual requirement;. All the common connector 
types are available as well as pigtail or bulkhead 
niouniing. Monitor laps for input, output arid back 
Teftection are easily accommodated. In addition, the 
ampliaer performance, (i.e. gsdn, noise figure, and 
output power) can be opiimi7,ed for specific 
applications. See the options guide for further 
information. 

EDFA Block Diagram 




Key Features 

• Compact module 

» Stable, low noise performance 

• High flber-io-fiber gain 

• High saturation output power 

• Low polarization dependence 

• Low power dissipation 

• Single-pumped at 980 nm 

Applications 

• Telecommunications systems 

• Broadband communications 

• CATV networks 



Input 



Output 



Er3* Fiber 



Optical 
Isolator 
(Optional) 



Optical 
Isolator 
(Optional) 



WDM 



980 nm LD 
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WD5555B M/D 
Unidirectional Dense WDIVI 
1533/1541/1549/1557 nm 



Description 



ThcWD55S5B M/D ts an advanced product developed 
for high dcnsiry tmilii-channcl WDM ippli cations. Tiie 
design JS based on cascaded inicrfcrencc Qliers with 
ivaveiengih channel spacing of 8 nm. 



Configuration 



WDM 



n n 



1533 i»l 



t>€MUX. 



i 4 ' f 4- wnssssBO 

JutiUL. 



•M6 *A-'.5 



F/4. ? 




Key Features 



Unidirectional 
Low insertion loss 
Hi^h isolation 
Uw PDL 



Applications 



4 wavelength dense WDM 
High capacity transport systems 
OpUcal network 



4-Ch8nne< WDM Mux - Optieat Spectrum 



i-Channel WDM Oamux - Optical Sp«ctrunn 
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Specifications 



dpcraiing wavelength 



Insertion loss* 



feolaUon 
Directivity 



Return loss ^. 

O ptical powe r 

Polarization sensiti vity 
PMD 



1533±3.5 nm 
15^1*1.5 nm 
1549±l.Snm 
1557±3.5nm 



Muliiplejter 

Demultiplexer 

end-to-end 



Dim ensions (WyH xD)^ 

Tempe nuttre 

Connectors .„ 

t. todudlng cftmftwii conncdor as meiswred aguinsl rcfcrcnct. 

2; rtcfse wc JW Ftm shdl produd (iht CSIOOOJ virich hoJds up w t2 cawwMcJ, 



M ultiplexer 
transmit 
transmit 
transmit 
tninsmii 



<2.0 dB 
<2.5dB 
<4.S dn 



>2S dB 
>65 dB 



>45dB 



Pcmpl ti plexer 



receive 
receive 
receive 
receive 



+20 dBm maxlrou m 
<0.25dB 



<0.1 psec 



L38 X 5.07 X 5.04 inche s 
0 to 50*C 



Fcypc 



Lii 
B i 



Cassette Package Style 




Ordering Information 



indicate your application requirements by selecting one feanirc from each connguration formote in^or^,ab^^n o^^^^^ 
pSce and Zr avallabilliy. pb«c conuct your local JDS FlTCl sales represenutive, or JOS FITEl tlircoly at (613)727-1305, or 
by at (eiS^'ZT-SZSi or via e-mail at sales®idsBtel.com. 



A. Con&£iiratioa$ 


Cbecfc One 


i. Multiplexer 




2, Demultiplexer 



All lnfo,m.He„'c^.,«.3 herein U W^d he «c«..u •*t^o..l .oUcc. Ho rc*ro«lt>.my b I.r «u ^ JHS T.TPJ. or «.«.(.C«rcr r«erve» 

lb; Hjthl IR «.k« «ht(icc(r. wiihonr MtKt , lo pruduci d«l«t». rr^'la*-." r-mp^rmt, ind produa miMif^ciwIrt methods, mCT-OSWH m C ri McdlaQi«Al 

ej1>S.nTU lacV AH r l^u f ciirvtd. ' " 



570 Ve5l Hum Club Road, Nepcan, Ontario, K2C 5W8 CANADA 
Sales inquiries: (613)727-1305 • Fax: (613)727-8284 



E-mail: salcs(S>jdsntel.com 
htlp: //www.idsfltclxom 
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Photodetector/Transimpedance Amplifier 
Family for Optical Communication 



Features 

• Initgrated Phoiodeiccior/Transimpcdance 
Amplifier Opdmlzed for High Speed Optical 
Gommxinications Applieatlons 

• Inifigraicd AGC 

• Fibre Channel/Gigabit EUMaiiet CompaUblc 



• High Bandwidth 

• Low iDpul Noise Equivalent Power 

• L^ge OpCicaUy Active Area 

• Single 5V Power Supply 

















VSC7810 


FuD Speed: 1.25 Gb/s 


1200 


OAS 


xoo 



General Description 

TbeVSC7810 integrated PhotodcUclormansinipedance Amplifier provides a highly Iniegrated solution for 
converting light from a fiber optic communications channel inlo a differerUal output voltage. The h«:nefiis of 
Vitesse SemicondTictor's Gallirai Arsenide H-GaAs process are fully uUlized to provide very high bandwidth 
and low noise in a product with a large opUcally active area for easy allgnmenL The sensiUviiy. duty cycle dis- 
toraon and jitter meet or exceed all Fibre Channel and Gigabit Ethernet applicauon requireraenis. Pans ar« 
available in either die farm. Oat-windowed packages or in ball-lens packages. 

By using a metal-semiconductor-raetal (MSM) phoiodetector with a monolithic integrated transimpedance 
ampHfter. the input capacitance is lowered which allows for a larger opUcally active area than In discrete photo- 
detectore Integration ateo allows superior tracking over process, temperature and voluge betweea the photode- 
leetor and the amplifier, resulting in higher performance. This part can easUy be used in developing Fibre 
Channel Electro-OpQc Receivers which exhibit very high performance and ease oTuse. 

VSC7810 Block Diagram 

Photodetector/TV^nsimpedance Amplifier 
+5V 

DOUTP 



DOUTN 





GND 



Both DOUTP and DOUTS are bock-lerminated to 5(Xl 



Si 
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SMALL BUSINESS CONCERN - NEW APPLICATION 
THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Attorney Dwxket No., 1466/T 



in KE Appiicotlon of: DAVID MEDVED AND LEONID pAVIDOVlCH 

Filed Cof'xurrenoy Hcrewnh 

For ' tA»nfrggc;2^P^ ^^ 

VERIFIED STATEMENT UN DER 37 CFR 1 27 
r i Al^AI^JG STATUS AS A SMALL ENTITY 

To Tf>e Commissioner of Paiervls and Trademarks: 
t hereby declare thai: 

, am the c^^^oc of. or an official err^powered w act on Dehelf of. th. small business concern identified below: 



Name of Concern: JOLT LTD. 
Address : s haMARPEH S TREET. JERUSAt FM 97774 ISRAEL 



Qjncern as delined In 37 CFR 1 .g(d) for purposes of paying reduced ^ ^ ' 

Sth .esard to One above-entitled invenUon described in the specrficatlon (>led herewUh. 

^ Right, under =or.,r,« or .aw have been conveyed io and remain wHh .he sm.l, bosir,ess concern iden.fied above vrfth regard to the «»ove 

SnlUled invention. 

.^ali business concern under 37 CFR 1 9(d) or a nonprofit organization under 37 CFR 1 .9(e), 



Full Name ^Party 1> : NONE 

Address : 

StaUit . n Individual 



Q Small Business 
Concern 



Q Nonprofit 
Organtzatton 



i"uW Name (Party 2) 



Address 



Status 



□ Individual 



□ Small Business O Nonprofit 

, ...no^edge the outy undo, 37 CP. t...Cb, " -^-S^f^^^^^^^^^^^^^ 
entity status pnor (o paying, or 3! the time of paying, the issue fee due aner tne oax 

of mv knor^leoae are true and thet all statements made on information eru. l^Uef are 
Z thAnov^edge that wihfui ff 



I Ke'obv declare that a*' statements made herein 
.e^ei^d .fbete: and further m.t ^-^^^ '^^^ XX7Zr.::^'^:i bTdV^nd •.h-3rsucir«.«u. fa.« statements may 
D'jnishablt by Unc or imprisonment, or both, under Section lOOi ot iine lo oi uic « 
iecpafdlze the vaMity of the application and any patent is^omg thereon. 
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